Abstract. Supplier selection is one of the most important elements in supply chain management. This function involves evaluation of many factors such as, material costs, transportation costs, quality, delays, supplier capacity, storage capacity and others. Each of these factors varies with time, therefore, supplier identified for one period is not necessarily be same for the next period to supply the same product. So, mixed integer linear programming (MILP) was developed to overcome the dynamic supplier selection problem (DSSP). In this paper, a mixed integer linear programming model is built to solve the lot-sizing problem with multiple suppliers, multiple periods, multiple products and quantity discounts. The buyer has to make a decision for some products which will be supplied by some suppliers for some periods cosidering by discount.
Introduction
In a highly competitive industry today, firms must realize the importance of supplier selection that meet the required quality and time. Firms are now facing increased consumer demand, shorter product life cycles, and sharper price cuts. This condition causes firms to cut costs and improve supply chain. Supply chain improvements become critical in rising the competitiveness of the firm. It can be done through supplier selection process (Sagar, 2012) .
Fluctuative and dynamic demand make it difficult for firms to determine the order quantity and and when the order must be made to fulfill the demand and minimize the inventory costs. Suppliers are also expected to be dynamic as well. This can happen because a firm usually has a demand regarding supplier capacity, quality level, lead time, unit cost part, and time-varied fixed transportation cost. (Ware et al., 2014) . Supplier selection problems are usually classified in terms of multi-echelon, multi-product, multi-supplier and the time period's nature (Lin & Lei, 2009 ). Firm's requests always fluctuate so that time value requirements are considered dynamic, not with short or long-term agreements. Therefore, this paper will discuss Dynamic Supplier Selection Problem (DSSP). In DSSP which a set of suppliers is selected supplier for each period. (Ware et al., 2014) .
Most of the models that have been developed for supplier selection problems ignore transportation elements that significantly impact the total procurement costs. (Wicaksono et al., 2016) . However, there are already some researchers who consider transportation costs in the selection of single product suppliers such as . In another case, the supplier provides discounts for each purchase in large quantities to increase sales of a product goods / services. With discounts, buyers may be interested to buy a product. In practice, ordering in large amount with far distance can reduce transportation costs per unit (Shinn et al., 1996) . Therefore, this study will develop a model that integrates procurement decisions with transportation costs and discounts.
To minimize procurement expenditures, purchasing and transportation costs need to be considered. Suppliers offer total cost discount and transportation costs based on trucking rates. The goal is to select several suppliers in fulfilling the demand of the product with a minimum total cost. In this paper, the researcher will make a model to solve supplier selection problem with multi-period, multiproduct and multi-supplier condition based on the development of the previous model (Ware et al., 2014) with discount consideration. The method used is Mixed Integer Linear Programming (MILP). Random data used for model validation. This model then solved using LINGO 16 software.
Furthermore, in part 2 of this paper, a brief literature review of models or techniques related to the dynamic supplier selection will be presented. Section 3 will present the model and its mathematical formulation. Section 4 will present a case study to test the proposed model. Considering discount in supplier selection is important because discount can affect the decision of supplier selection (Chaudhry et al., 1993) . Howefer, limited paper especially in DSSP consider discount in there model. There are two types of discounts: quantity discount and volume discount. In quantity discounts, product sales do not affect the price and discounts of other products. This discount strategy can be either incremental or all-unit. The linear programming model considers various prices including quantity discounts and inflated prices according to the number of orders (Aissaoui et al., 2007) .
The supplier selection process for DSSP involves higher complexity in terms of selecting suppliers for all periods to produce the minimum total cost with the shortest lead time and meet the desired quality level for each product set by the company. In addition, to the best author knowledge there is not DSSP paper considering discount. Therefore, this paper will present a MILP formulation for DSSP by considering transportation costs and discount if multi-period, multi-product and multisupplier conditions.
Model Development
The problem can be explained briefly as follows: in a procurement management, there were supplier selections with consideration of the transportation costs and discounts provided by the supplier and there was various demand for various products during T period. The objective is to select one or more suppliers, determine which period the procurement will take place and the lot size to be purchased during that period.
Model Assumption
The proposed model was limited by several assumptions such as fluctuative and constant demand. Shortages are permitted and backlog are assumed when the total supply available in a given period is insufficient to meet demand in that period. The production capacity of suppliers and the storage capacity of buyers in any period were limited. The delivery trucks each had the same capacity. The transportation costs of each supplier could vary depending on the distance of supplier's location from the manufacturer. : Number of product p supplied by supplier s at price break level r in time period t : Frequency of truck delivered product from supplier s in period t : Binary variable used in separating price levels r for product p in a transaction between buyer and supplier s in period t
Model Parameters and Decision Variables

Mathematical Formulation
With the above parameters and decision variables, the mixed integer non linear program model is expressed as follows: Minimize Z = Z1+ Z2+ Z3+ Z4+ Z5+ Z6+ Z7+ Z8 (1)
Subject to:
Numerical Example
The effectiveness of the proposed MILP model was shown through numerical examples. Buyers wanted to buy products for two periods. Firm's demand for each part changed over times due to market fluctuations and customer demand patterns. In the illustration example there are two periods, two price breaks, four suppliers, and three products (2T-2R-4S-3P). Under the same scenario, a re-calculation was performed but with a constant demand of 1000. Here is an example illustration: The results for the above scenarios are listed in Table 5 .
From Table 5 we can see that in period one all suppliers supplied the product. Product one was supplied by S1, S2 and S3 at the first price break level and S4 at the second price break level. Product two was supplied by S1, S2, S3 and S4 at the first price break level. And product three was supplied by S4 at first price break and S1, S2 and S3 at second price break level. Period two was only supplied by S1, S2, and S4 with the allocation of products shown on the table. The value of the objective function for that model was 472476,5. In the second calculation result shown by Table 6 , it is shown that only S1, S2 and S3 supply product 1, 2 and 3. It is seen that there are more number of units allocated. In the second period, order is not necessary as it tends to store inventory in the first period.
Conclusion
In this paper, the supplier selection problem was solved by MILP mathematical model. Numerical illustration with scenario 2T-2R-4S-3P and a second experiment was used to demonstrate the model. The second experiment used the same value for all parameters except the demand parameter using a constant value of 1000. Optimization solved for less than 10 seconds using LINGO 16. When the demand was fluctuating, all suppliers contributed in supplying products, and when it was constant there were only a few suppliers who shipped products and prefered to store inventory in the first period. This model can be applied in real conditions. The resulting random data can be replaced with real time data. However, the number of periods, products, and suppliers used were limited because Lingo software was unable to solve high complexity problems. Therefore, further research can develop this model using heuristic methods to solve more complex problems.
